Loneliness
Introduction
Alone and feeling sick: do isolation and loneliness carry specific risks to health? In populations throughout the world, social isolation (defined as an objective lack of interactions with others or the wider community) and loneliness (defined as the subjective feeling of the absence of a social network or a companion) are common. Surveys in Europe and the USA estimate the prevalence of loneliness ranges from 5% to 43% in the elderly, 1e4 with similar figures for China. 5 While loneliness may be more common in the elderly, it also affects younger age groups. 6 Precise estimates for the prevalence of loneliness and social isolation are difficult to obtain due to variation across the life course; cultural and gender differences with respect to how prepared individuals are to talk about them from a personal perspective and the use of many different measurement scales, some of which are based on self-report questionnaires while others involve more objective assessment of social contact or networks (or a combination of both). Loneliness and social isolation have both been associated with ill health, but determining causality is difficult as much of the research in this area involves observational studies. Researchers have primarily focused on the association with mortality, mental and cardiovascular health. Biological pathways have been suggested as an explanation for the effect of loneliness and social isolation on health including reduced levels of protective hormones leading to adverse effects on heart rate, blood pressure and the repair of blood vessel walls; downregulation of the immune system and neuroendocrine dysregulation from a paucity or poor quality of sleep. Lonely individuals may be more likely to initiate harmful health behaviours such as smoking, excess alcohol consumption, overeating or transient sexual encounters as a psychological relief mechanism. They may then go on to maintain these harmful behaviours if they are less exposed to healthy behavioural norms or have less access to health advice as a result of fewer social contacts. 7, 11 While social networks of friends and family can support healthy behaviours, they may also allow unhealthy behaviours to become normative. 12 Stress responses as a result of perceived social isolation can adversely precondition the neuroendocrine system, with genetic differences determining the degree to which this might occur. 13 Socially isolated individuals may suffer more stress than others due to their lack of social networks and support, and when they do, they might be more likely to withdraw into themselves. 7 Although the exact causal pathways remain unclear, given the prevalence of social isolation and loneliness, it is important to have a clear understanding of their consequences to the individual and society. The evidence base on the impact of social isolation and loneliness has expanded over recent decades and now includes many reviews with different health foci. To provide decision-makers with the evidence they need to assess and tackle the public health challenge associated with weaker social relationships, we conducted an overview of reviews on the health implications of loneliness and social isolation. Our aims were to provide a clear summary of the evidence on the wider consequences of social isolation and loneliness based on systematic principles; identify any differences from findings of the many non-systematic reviews that have been published; clarify the direction of causality; and determine whether there are clear differences in consequences observed for the perceived state of loneliness vs the objective state of social isolation.
Methods
Methodology for this overview followed recognised guidance for conducting systematic overviews. 14, 15 The following databases were searched from 1950 to March 2016: Web of Knowledge; SCOPUS; EMBASE; ASSIA; Medline; PsycINFO; Campbell Collaboration and Database of Abstracts of Reviews of Effects, using the terms social environment; social isolation; social vulnerability; social engagement; loneliness and psychosocial support. Systematic reviews (including narrative reviews and metaanalyses) written in English were included. Well researched (as judged by two reviewers) non-systematic reviews were also included for a comparison of findings but not as part of the primary synthesis. Reviews of interest were those that contained studies of individuals from any population of any age or gender, where any health or socio-economic outcome as a result of social isolation or loneliness was studied. For the purpose of this overview, the term social isolation was defined as the objective state of lack of social contact with others, whereas loneliness was defined as the subjective feeling of being unhappy with one's relationships. Reviews focussing on social support were excluded, although those that did not set out to study loneliness or social isolation explicitly but did in fact consider the concepts as defined previously were included. References in included reviews were inspected to identify any other potential reviews.
Reviews were selected from the search process according to whether they met the criteria as previously described. The process was confirmed by a second reviewer to ensure validity of inclusion. Differences of opinion were discussed and consensus reached over inclusion or exclusion of the study. The methodological quality of the reviews selected for inclusion was also assessed by two reviewers for each review, using the AMSTAR checklist 16 and the quality of the evidence in these reviews was assessed using the GRADE approach.
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Data were extracted from the selected reviews using a predesigned data extraction sheet to standardise reporting of results across the included reviews. Extracted data were review characteristics, including both the design of the review and design of included studies, geographical location of included studies and duration of longitudinal studies; participant characteristics including age range, gender and comorbidities; measurement scales used for social isolation and loneliness; health and social outcomes and their associated measures and summary findings.
Results
The search process of eight databases identified 90 papers (40 systematic reviews, 47 non-systematic reviews and three metasyntheses) that considered social isolation, loneliness, social relationships or networks (Fig. 1) . Of the forty systematic reviews included in this overview, ten involved a metaanalysis. Eight reviews were undertaken in two or more countries, while the rest were carried out by teams from single countries, all from the developed world except one. All were published between 2000 and 2015, with eighteen of them declaring their sources of funding, which included government funding, charitable funding, universities and other private institutions. Age range was not identified in twelve of the systematic reviews, seven of them considered only individuals over 65 years of age, five exclusively studied adolescents while 16 considered individuals of any age. Two systematic reviews looked exclusively at one gender; 16 looked at both genders while 22 did not identify gender proportions. Most reviews contained studies that contained between 10 and 100,000 participants. In half of the reviews, loneliness or social isolation was identified as a factor associated with the variable of interest, but a validated scale was not used (Table 1) .
Sixty-two different self-report questionnaires were used to measure loneliness, social isolation, and related concepts ( Table  2 ). For forty-nine measures, information could be sourced which allowed mapping using a two-dimensional framework 18 ( Fig. 2) . Full-text articles excluded as not meeting inclusion criteria (n = 309)
Reviews on only social support excluded (n = 56)
Articles excluded (n = 4561)
Reviews used to inform discussion (n=50) 47 non-systematic reviews 3 meta-syntheses content and how their items are phrased. A majority of instruments were concerned more with the function of relationships (e.g. whether people might have access to a confident or help if they need it) than with their structural characteristics (e.g. the frequency with which people interact).
When assessed using the AMSTAR checklist, 17 of the systematic reviews without a meta-analysis were of moderate quality (score 5e7) and 13 of low quality (score 0e4). Those reviews which scored poorly using AMSTAR also tended to have low GRADE scores. Seven of the meta-analyses were of moderate or high quality (score 8e10); the majority were also assessed as containing evidence of moderate GRADE quality (Table 3) . Generally, the meta-analyses were of superior methodological quality to the systematic reviews. Nevertheless, whilst these scores suggest the findings of these reviews can be accepted with some degree of confidence, significant clinical heterogeneity existed between both the reviews and the primary studies they contained.
Synthesis of evidence

Mortality and general health
Two meta-analyses of cohort studies identified a significant association between social isolation, loneliness and social network size with all-cause mortality, identifying odds ratios of increased likelihood of mortality for social isolation (excluding suicide) of 1.29 (95% confidence interval [CI] 1.06, 1.56), for loneliness 1.26 (95% CI 1.04, 1.53) and living alone 1.32 (95% CI 1.14, 1.53); 19 and hazard ratios for all-cause mortality for greater social participation of 0.87 (95% CI 0.82, 0.91) and for better social networks of 0.91 (95% CI 0.86, 0.97). 20 This is comparable to findings from a prospective study, which identified an odds ratio of increased likelihood of survival of 1.50 (95% CI 1.42 to 1.59) for stronger social relationships (excluding suicide) 21 and a hazard ratio for mortality of 1.13
(95% CI 1.09, 1.17) for lower social contact frequency from a meta-analysis of mixed studies. 22 The similar odds ratios for loneliness and social isolation 19 suggest no difference between subjective or objective measures of social isolation. The impact of gender on the association was unclear as there were mixed findings from subgroup analyses in the aforementioned reviews. An association between loneliness and fewer social relationships with poor health and well-being was suggested in three systematic reviews of worldwide studies using different methodologies and assessment measures in individuals aged over 50e55 years. The relative importance of the quality vs the quantity of such social relationships with respect to this association may vary depending on whether they are between family or friends. 23e25 In older adults attending emergency departments, social isolation and living alone were found to be associated with hospital admission in a systematic review of 14 studies. 26 
Health behaviours
Loneliness and social isolation were found to be associated with increased tobacco use in three systematic reviews; in one of these reviews, a positive association between loneliness and tobacco use was reported in half of the included studies, whereas the other half reported no association or a negative association. 27 A review of observational studies of tobacco use in Brazilian adolescents reported one study demonstrating an association between loneliness and increased tobacco use in adolescents. 28 Consistent evidence that more socially isolated adolescents were more likely to use tobacco was found in a review of 10 studies, although causality could not be proven and other variables may have confounded the relationship.
29
A systematic review of observational studies reported mixed findings regarding an association between behaviour change and social isolation in the context of cardiovascular disease. 30 Only two systematic reviews were identified that looked at social isolation and physical activity; these reported an association between social isolation and low levels of physical activity in two well-defined patient groups (individuals with bipolar disorder and schizophrenia) but noted that only a minority of the included studies assessed this relationship. 31, 32 Only one systematic review of observational studies was identified which looked at diet; this found strong evidence of no association between social isolation and loneliness and malnutrition in older people living in community dwellings.
33
Two systematic reviews relating to sexual health behaviours were identified, one of which found that social isolation was associated with HIV infection as a contextual risk factor in transsexuals, possibly mediated through feelings of discomfort or being unsafe in public. 34 Loneliness of parents and social isolation of adolescent sex offenders have been associated with child abuse in another systematic review and a meta-analysis. 35, 36 Two systematic reviews made comments on the relationship between adherence to treatments and social isolation; one suggested that social isolation may lead to reduced interaction and increased use of online sources of advice, potentially leading to suboptimal adherence to treatments; 37 another found increased social isolation was associated with nonadherence to treatment in adult renal transplant patients. 38 
Physical health
The evidence base was strongest for the relationship between social isolation, loneliness and cardiovascular disease, with reviews that considered hypertension, cardiovascular risk and postmyocardial infarction mortality (PMIM). One metaanalysis of prospective cohort studies identified an increased cardiovascular relative risk of 1.5 (95% CI 1.2, 1.9) in adults with high levels of social isolation. 39 This is supported by findings of a systematic overview, which found strong and consistent evidence for an independent causal association between levels of social isolation and the risk of CVD. 40 Two other systematic reviews suggested that adults with social isolation have an increased likelihood of PMIM, with individuals with stronger social relationships having a 50% increased likelihood of survival, with no variation between gender 41 and those with the highest levels of social isolation having two to three times the risk of PMIM. 42 The evidence for an association between social isolation with hypertension is more mixed. Table 2 for key to measurement scales. The evidence base for an association with other physical health conditions was less strong with reviews identified for cancer, low back pain and chronic obstructive pulmonary disease. One systematic review focussing on the risk of mortality in cancer patients found that those with the largest network size had a reduced relative risk of mortality of 0.80 (95% CI, 0.72, 0.89). 44 Another systematic review of cohort studies looking at the duration of sick leave for individuals with low back pain found social isolation to be associated with longer sick leave, 45 whereas two studies in another systematic review found a positive association between social network size and chronic obstructive pulmonary disease. 46 
Mental health
For mental health, there was a moderately strong evidence base, with reviews identified for well-being, depression, suicide and dementia. One meta-analysis found an association between subjective mental well-being and social relationships, with the quality of relationships more important than the quantity of them. 25 Two other systematic reviews suggested an association between social networks and depression, with large and diverse social networks with high quality relationships protecting against depression. 47, 48 These findings were also true in relation to poststroke depression, with diverse social networks of friends and family associated with a reduction in reported depression. 49 In keeping with this, a systematic review of immigrant women in the perinatal period in Japan identified an association between social isolation and negative mental health outcomes after childbirth such as anxiety, stress and regret. 50 A meta-analysis identified an association between social isolation and social anxiety disorder, although causality was unclear. 51 Five systematic reviews covering suicide (ideation, behaviour, attempted and completed) were identified. One review found that a low sense of belonging was associated with a 
higher risk of suicidal ideation and suicide attempts, and another that found levels of social integration affected nonfatal suicidal behaviour amongst the elderly population. 52, 53 In specific population groups, social isolation was associated with suicidal ideation amongst individuals with multiple sclerosis 54 and nursing and care home residents, 55 while mixed outcomes were seen amongst those with learning disabilities. 56 Two systematic reviews identified that loneliness and low social participation were associated with an increased risk of dementia, with two included longitudinal studies showing an association between loneliness and the incidence of Alzheimer's disease and dementia. 57, 58 Summary of evidence Combining these findings alongside the hierarchy of evidence, taking into account the number, quality of the reviews (from the AMSTAR scores) and the evidence contained within them (from the GRADE scores) shows that there is strong evidence that both social isolation and loneliness are associated with increased all-cause mortality and social isolation with cardiovascular disease and depression (Table 4) .
Discussion
Main findings
This overview has identified that there is strong evidence that both social isolation and loneliness are associated with increased all-cause mortality. Although proof of causality cannot be confirmed, this may be mediated through the cardiovascular system and mental health. Only limited evidence was identified for an association with other physical health conditions, including cancer, and evidence for the effects of social isolation and loneliness being mediated through behaviours is less strong. The pattern of health risk appears similar for both the subjective state of loneliness and the objective state of social isolation, but the most consistent significant effects were reported in relation to measures of isolation.
Although evidence was identified across the life course, this overview did not find any systematic reviews considering an association between social isolation and loneliness with physical and psychological developmental outcomes or educational achievement in children. Whilst abuse in both childhood and adulthood is associated with some of the 
outcomes identified, such as depression and suicide, this review could not demonstrate the role of social isolation in a causal pathway between them, such as, for example, previous abuse causing withdrawal from social networks and subsequent depression.
What is already known
Non-systematic reviews have identified similar findings with respect to increased risk of mortality, 59e64 cardiovascular disease and outcomes 62,65e72 and mental health, 61,62,64,73e90 with less evidence for other physical health conditions and behaviours. 72,76,80,91e93 There is no clear evidence from nonsystematic reviews as to whether parental social isolation or loneliness is associated with child abuse or adverse parenting behaviours, 94e98 although social isolation and loneliness of children may be associated with abuse or poorer developmental and educational outcomes. 65,87,97,99e101 Although no systematic reviews were identified in this overview that looked at causal physiological mechanisms by which social isolation and loneliness may influence health, a number of non-systematic reviews have identified associations with changes to brain structure and processes, sympathetic neural tone, vascular stress responses, altered sleep and reduced sleep quality, cortisol secretion patterns, impaired cellular and humoural immunity and reduced inflammatory responses. 7,61,80,96,102e105 Limitations Most of the research in this overview came from developed countries and only English language publications were considered, so this may limit applicability of findings elsewhere. No reviews considered health economic considerations, so this review is not able to give insight into wider socio-economic consequences of social isolation and 
loneliness. The effect of age was not analysed in the majority of the included reviews, with the exception of two metaanalyses; one of which 21 reported no age effect while the other 19 found a stronger effect for individuals aged less than 65 years. Therefore, this overview cannot provide firm conclusions with regard to the impact of age on any associations. Similarly this review cannot infer any associations with ethnicity, as it was infrequently recorded in the included reviews. Most of the systematic reviews were of moderate quality but none were of high quality, which most likely is a reflection of them containing predominantly observational studies; very few of the reviews contained longitudinal studies so causality cannot be inferred from the associations identified. As all of the tools used in the reviews were selfreport measures which depend on the degree of subjectivity from respondents, findings should also be considered with caution.
Implications for research
As this overview identified only limited evidence for an association with physical health conditions other than cardiovascular disease, more research is needed on the association with other conditions, using longitudinal studies or designs that could provide more information on causality. Further research is also needed on the association with health behaviours, the impact across the life course and wider socio-economic consequences. It may also be helpful to undertake systematic reviews on the impact of parental or child social isolation and loneliness on child abuse and developmental outcomes.
Implications for practice
In the meantime, policy makers and health and local government commissioners should consider social isolation and þ þAssociation in one review, or multiple lower quality reviews. þþAssociation in one or more higher quality reviews. *Meta-analysis.
p u b l i c h e a l t h 1 5 2 ( 2 0 1 7 ) 1 5 7 e1 7 1 loneliness as important upstream factors impacting on morbidity and mortality due to their effects on cardiovascular and mental health; their possible influence on behavioural change should also be taken note of. Taking an asset-based approach, 106 resources and skills in communities and individuals that maintain and sustain health should be utilised to promote resilience and develop prevention strategies across the public and voluntary sectors.
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